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A process for preparing 2,5dipicryi- 1,3,4+xadiazole by 
reacting N,N’-bis(2,4,~trinitrobtnzuyl)hydrazine with 
phosphorus pcntachloridt in a chlorinated hydrocarbon 
which is IJdichloroethane, 1, 1, 10trichloroerhme, 
1,1,2+ichlorotthane, I, 1,2-trichloroetilylene. or a mix- 
WC hereof at a temperature of from 70’ C. to the reflux 
temperature. 
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This invention Aares to polynitro aromatic com- 
pounds and more panicular~y to thermally stabie 
polynitro aromatic expIosivc compounds. 

2,5-Dipicryl- 1,3,4-oxadiazolc is themally sable in 
the vicinity of 260’ c. and has an impact sensitivity Of I0 
20 cm as measured by an ERL mschint (2.5 Kg weight, 
type 12 toois on sandpaper). This combination of impact 
sensitivity and the& stability is unique. Comptig 
2&Gpicryl4,3,44xadk& with its nmtst corn@ 
tars (see table 1) shows that 2,2’,4,4’,6,6’-hcxanitrostil- 
he (HNS) and 2,2’,2”,4,4’,4”,6,6’,6”-notianitrotcrphc, 
nyl (NONA) have simirar thermal stabilitia but art not 
as impm sensitive. 2,5dipicryl-3,44nitrofuran has a 
Shlih impact sensitivity to &5dipicryl- 1,3,4- 
oxadiazolt but it is riot as themmUy stabic. 

Short pulse shock tcs~ (cxplc&ng foil) on 2,5dipic- 
ryl-1,3,4=madiazoie showed that it has a shock scnsitiv- 
ity similar to that of pentaerythritol tcttitrate (FEW) 
(see’ Table 2). Moreover, the tests alsa showed that 
2,5~jpicrylg1,3,~xadiazole has a very sharp threshold 
oiinitisrtion (that k it always detonates when stimulated 
at the rquired energy level but dm not detonate 
below this levei). TBis is a very d&able property for 
an initiating explosive. 

TABLE 1 
Thumd stability w= 

8t2wc SCtBirivity 
Exptivt cc/*. (2 ht.) (c-0 
zwpkryi- !,3,C 0.6 20 
Oadiazok 
p&-a ’ 

0.5 39 
-&-a 

0.5 45 
(herysull-1 
ms (Gmde I) I.7 40 
(not mcrpdlizcd) 
2sdipicfyl-3,c 0.8 at 230’ c. 23 
dinimfurrn 
(reqstdlw) 

I 

TABLE 2 
SHORT PULSE SHOCK TEsf 

nlrdmld Ryer 
Dmsity CUM. Pmsure 

1.50 103.4 MPa 
Ihi 103.4 MPa 

Because of its high thermal stability and impact sensi- 
tivity, 2,S-bipicryL 1,3, kmdiazult will be useful in 
slapper detonators, explosive logic systems, detonation 
transfer compositions, and ekmic btidgt wire cxpI@ 
sivcs, Moreover, it prom&es to be useful as a thermally 
stabit initiating explosive for use in perforators for dttp 
oil and gas weUs. All that is needed is an efftcttnt, eco- 
nomical proca for preparing pure 2,Mipicryl- 1,3,4- 
oxadiazole, 

Sharmin, G. P.: Buzykin, 8. I.; and Fassakhov, R. Kh. 
in ‘V.S.S.R . 233.67 I (Ct. CWd), 24 Dec. 1965, Appf. U9 
Oct. 1967 (CA. 70: 115 162) and in Khimtya Geremrsikli- 
cheskikh Swdinenii, XO* 6, pp. 731-713, June. 1977 
(CA. 87:184435) disclose the preparation of 1.5-dipic- 
ql-1.3.4-oxadiazole by refluxing 2 mmol. (1.20 g) of 
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N,N’-bis(Z.4,6-t~nirrobenzoyl)hydr~j~e in 100 mi of 
POC13 for 20 hours. The large quamity of POC13 re- 
quired for this procedure makes scale up dangerous and 
impracticak The long reaction (reflux) rime required, 
the pour yields and impurity of product funk make 
this process impractical for commercial production. 

Bacons, Joseph C.; and Siumann. Micfiaet E., Jour- 
GUI of He~rocyfk Chemistry, 14, 115 f-5 (1977) disclose 
the cyck&on of N,N’-bis(2,4,~trinitrobnzoy~)hydra- 
he with PC15 in nitrobcxuene to produce 2.5dipicryk 
1,3,4-Orstdinmlt in yields of XI-35 pcrctnt, Separation 
Of the product 2$ldipicryl-t ,3,~xadiazole from nitro- 
bcnztnt (hp. 210. c.) is very difktit. The nitroben- 
ztnc is tcmovcd either by steam distillation or by pour- 
kg the titro~t readon mixture into a second 
solvent (e.g., methanol) in which Z,Jdipicr)tl- 1,3+ 
0xadiaz01t is much ltss s&able. Huwevtr, combining 
the nitrobcnzcne with a second solvent makes ir quite 
diff!cult to recycle tie nitrobcnzene for funher use in 
the procm. Ia sv, this procedure would be difi- 
cult and expensive to scale up for commercial produc- 
tion. 

It wauld therefore k desirable to provide a relatively 
simple, low cost method of producing 2,5dipicryl- 
1.3,~xadiazcAe. 

SUMMARY QF THE IWEXTION 
Accdingly, an object of this invention is to provide 

a new method of prep&g 2,5dipicryl- 1,3,4- 
oxadiazok. 

Another object of this ikcntion is to provide a less 
txpsivt mtrhod of preparing 2,5dipicryl-I,3,4- 
ox&diazolt. 

A further object of this invention is tu provide a 
method of producing ~5dipicryl-1,3,eoxadiazole in 
greater yield. 

Still another object of this invention is to provide a 
method of prwlucing 2,5dipicryI-1,3,4+xadiazole in 
which the product is tasily is&ted from the reaction 
mixttlre. 

These and other objccu of this invention are achieved 
by providing: 

A prwes for preparing Z,Sdipicryl- 1,3,4-oxadiazule 
by reatig N,N‘-bis(2,4,6+iArobcnzoyl)hydrazine 
with phosphor pcntachl~ride in a chlorinated hydro- 
c&on which is 1,2dkhIorocthant, l,l, l~trichloroe- 
thaw, 1,1,2 -trichioroethanc, I, 1,2-trichlofocthy lene, or 
a mixture thereof at a temperature of from 70’ C. to the 
rcnux tetnpcrature. 

DETAILED DESCRIPTION OF THE 
PREmIUXED EMBODIMEXT 

The pr-nt process uses the reaction of Y,Y’- 
bis(2,4,4-trinitra~nzoyl)hydr~i~e (I) with phosphorus 
pentachloride to produce 2,5+iipicryI- L3,tixadiazole 
(10 9 

I 
+ 
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-continued 

2HCI + pocI3 

The ~,N0-bis(2,4,6-trinitrobmzoy~)hydratint starting 
material has poor solubility in chlorinated hydrocar- 
bos. Neverthcltss, the prscnt process achicvcs an 
inceased field and ay isolation of the product f5- 
dipicryL1,3,doxadiazok by using CWUGII ~hbrirratcd 
hydrocarbons as. the reaction medium. Preferred arnong 
the are 1,2dichlorocthane, CHzClCH2Cl; 1,1,1 mui- 
clllaruethant, CC13CH3; 1, L24ricIlkmc~c, 
CHCI2CH2C1; and I, 13.uicirloroc~yice, 
CCl2dXKI. Most preferred as a reaction medium is 
1,2ldic~orocthanc, CH$BX2Cl. 

fn order to hold the process costs down, the pr-nt 
proms is preferably run at ambient (z 1 atm) pressure. 
in order to achieve a reasonable rc&on time, the reac- 
tions shouid be an at 70’ C. or a&ve and preferably at 
80’ C. or above. ks a result, ctiorinatcd hydrwarbons 
with low boiling points such as methylcnc chloride (40’ 
C.), chIoroform (61.7’ C.), chloroetlunt (123’ Co), and 
l,Ildichloroethant (57.3’ C.) arc not suitable for ti 
P- 

The procus of W invention will not work with 
artxm mhloridt, CCt, bceause the N,N’-bis(2,4,6= 
uinim~oyl) hy&t&c is not soluble cnougI~ in 
CC4 Similarly, highly chlorinated hydracarbns such 
as 1,1,1,2arachloroc~c ad 1 v 1,2,2 -tetnrchloroc- 
tblc arc preferably not used bsxtuse of the very Km- 
iti solubility of N,N’-bis(2,4,6-triniuo~oyl)hyd~o 
zinc in the sofvcnts. 

Stoictiomctically one mole of phosphoru penta- 
chloride (PCl5) should be consumtd for each mole of 
N,N’-bis(24,~trinitrobcnzoyl)hydrszine in the reaction 
to prc%Wc 2&$ipicTyl- 1,3,4+Wole, However, for 
Mtcr malts 8 molar excess of PCls is USA. A molar 
ratio of PC15 to N,N’-bis(/4,~trini~obca;toyl)hydra- 
tie of from LO: 1 .O to 3.0: 1 .O is preferred, with from 
2m.o to 2.S:l.O king mofe prekmd. 

h thmry the prestnt P~OWSS works as long as some 
N,N’-bis(Z4,dtrinitrobtruoyl)hyd~e starting mate- 
rial is present (more than zero grams per liter of chfori- 
natcd hydrocarbon). As a practica matter very low 
ratios of stmiq material to chlorinated hydrocarbon 
make the process incffrciem Un the other hand. too 
much swing material adversely afT&ts the s&ability 
of the reaction mixture. Therefore, preferably a concenm 
tration of from 1OQ to 125 grams of N,N’-bk(2,4&ttii- 
tro&nzoyl)hydrazine per liter of the chhinated hydra- 
carbon is uxci; more preferably from 110 to 1 IS grms 
per liter is u.d. 

The N,N’-bisI2,4,4-trinitrobe~oyl)hyd~~t, phos- 
phorus ptntachloride, and chlorinated hydrocarbun 
form a skry in the maction vesxl. The reaction tern- 
pcraturt is preferably from 70’ C, to teflux and mote 
preferably at the reflux temperature gf the chlorinated 
hydrocarbon solvent: CH~ClCH~Cl @X5’ C.), 
CMXh(74. I’ C.), C’rl~ClCHCl~(l13.8’ C.), and 
CHk!--r.C!~(87’ Cm). Tb .e reaction mixture (or slurry) 
is agitated (e.g., stirred) continuously during the reac- 
tion. Two or more hours are used for the conversion of 
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~,N’-bis(2,4,6-trinitrobenzoyl)hydrarine into 2,5-dipic- 
ryl- 1.3J-oxadiazole. 

The product 2,MipicryL L3,kxadiatole is insoluble 
and is separated by filtration a.nd then dried. The prod- 
uct may be funher purified by recrystallizarion or otkr 
conventional procedures. 

The chlorinated hydrocarbon filtrate contains sub- 
stantial amounts of a major unknown byproduct. This 
byproduct has the foilawing propenies; (I) it is soluble 
to the chlorinated hydrocarbons, (2) it cannot be di- 
rectly converted by thk process to 2,5dipicryl-1.3,4- 
~rndint.~lc, and (3) upon treatment with water it is con- 
verted back to N,N’-bis(2,4,btrinitrobenzoyl)hydrazine 
starting material. Although the chlotinated hydracar- 
ban ffltratc may be treated at this point to recover start- 
ing materid and pure ctiotiated hydrocarbon! it is 
preferably reti as the reaction medium in the &Mip- 
icryN3,kxadiazole production step, It is preferabiy 
rem (or recycled) for from 1 to 3 times. Each time 
that the chlorinated hydrocarbn f%rate is used, the 
concentration of the major byproduct, the POCl3, and 
the organic waste products increase. After the reacrion 
has been ftln about four times (3 recycles) in the chlor& 
nated hydrocarbn, the build up of these marerials in 
the chlorinated hydrocarbon filtrate is substantiaL and 
the mzovefy procedure becomes nxessary. 

In the recovery procedure, the chlorinated hydrocar- 
bon ffltratc is fmt treated with water to convcn the 
tijor U.I&OWTI byprduct back to NJ’-bis(2,4,6-trini- 
trobcnzoyl)hydrazine which precipitates from sulution. 
The N,N’~bis(2,4,~triniuobcnzoyl)hydrazine is filtered 
out ernd recycled for use as the s&g material. The 
chlorinated hydrocarbon phase and the water phase 
which rtmti are separated (t.g, by decanting). The 
water phase contains PUCl3 and other water soluble 
waste products and is disposed of by Environmental 
Protection Agency EPA) apDrovcd means. Pure chlo- 
rinatcd hydrocarbw is rccov&ed from the other phase 
by distillation, leaving organic waste products in the 
ruidue. The recovered chlorinated hydrocarkn is 
recycled for use in the process md the residue is dis- 
posed of by EPA approved m-s. 

The general nature of the invention having been set 
foa the following cxampIes are presented as specific 
tiustrations thereof. It wfi be understood that the in- 
vention is not limited to tha specific examples but is 
susceptible to vtious modifications that will be recog- 
nized by one of ordinaq skill in the ut. 

EXAMPLE 1 
N,rcl’-Bis(2,4.6-trinitrobenzoyl)hydrazine 

A slurry of 21.0 g (0.076 mole) or” 2,4,6knitrobenz- 
oyl chloride in 140 ml of methanol was vigorously 
stirred in a water bath at 30’ C. while a solution of 7.1 
g (0.12 mole) of 85% h ydrazine hydrate in 35 ml of 
methanol was added over a W-60 minute period. The 
mixture was cooled to 20” C. and the insoiubie mareriai 
was removed by filtration and washed with methanol 
untti the washings were nearly colorless. The producl 
was then washed with warm water and again with 
lnerhanoi to give 7.46 g (38%) or” soiid, mp 262’ C. dec. 
when the melting point apparatus was preheated to 250” 
C. Secause it is a deromposiricn point, rhe melting point 
varies with the rate of heatinn. YMR (DMSCLb):9.X 6) 
(srnaH sateWe peaks at 9.35 and 9.15): IR 
(KBr):336O(SH), 1730, 1710 (C=O1. 
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EXAMPLE 2 

2,5-Dipicryl- 1,3,40xadiazolc 
To 7.4 g (0.0145 ml) of N,N’-bis(2,4,6-trinitrobe~~ 

zoyljhydrazine and 65 ml of L2cbichloroethane stirred 
in a 200 ml round bottom flask was added 7.4 g (0.0355 
mol) of phosphorus pcntachloride. The mixture was 
bcattd to refh temperature in an oil bath and was htid 
at this temptmure for 2.5 hrs. The mixturt w8s cooled 
to room temperature and tit insoluble =teriaI (3.2 g of 
crude 2,5dipicryl-1,3,~xadhzo~t, mp 3 18’ C. (dcc), 
was removed by fU=ation. The cmde oxadiazoit was 
dissolved in boiling acetone (300 ml), the solution W 
filtered and the filtrate w= co~~ccxuated by distiUation 
until much of the acetone had bcm mnoved and BIG 
appreciable amuunt of crystak bad formed, Mtthanol 
was sfowty added with continued distUation unti the 
distillate temperature approached 65’ C. The mixture 
was cooled tu room ttmpcratuie and filtered to give 2.9 
g of pure ZSdipifxyl1,3,eOxadiszolt, mp 335’ C. (vigl 
ems decomposition). NMR (DMSO&):9.52 (s). 

To the dichloroethane fiitmt (from which the crude 
dipicryloxadiazolc was removed) was slowly added 10 
ml of water. (A precipitate quickly formed after only a 
small amount of the water had been added.) The, mix- 
ture was heated tu renux for 5 minutes, t&n was cooled 
and filtered to give 1.8 g of ~ecuvered NiN’-bis(2,4,6- 
trki~ob#rroyl)hy~e. This recovered bis(ttinil 
tmbenzoyl)hycirazinc (mp 277 CL dcc) is a Merent 
aystal form (plymorph) than the N,N’-Vb(2,4,&tr+ 
trobenzoyl)hydrazint [mp 262’ c. dec, see Example 11 
usai as the cH@inal starting material. Tbt reccwrcci 8 
bis(titrobenzoyf)hydradn+ pve the correct elcmcn- 
tai analysis and its NMR qcctrum and rhin layer chm- 
matograms were identical to those of the origkl start- 
ing mated, but it had a different solid @se (KBr) l[R 
spectrum. Thee results arc consistent with a paly- 
morph. Tratment of the I.8 g of recovered stig 
mated with phosphorus pmachloride in dic~omcth- 
am as dcscriM above gave m acklitio~ 0.7 g of 2,5- 
dipicryl- f ,3,eOxadiazolc (I) raising tht total ykid of I 
to 3.6 g (51%). 

Rat SCZM-UP pi~arzltio~ of 2,Wipicryl-1,3,40x- 
adiawtt gave better yields than the smdl de ptcpara- 
tioa of Example 2. 

EXAMPLE 3 
L5-Dipic+ t ,3,~xzidiauolt (sikd up) 

The N,N’-bis(2,4,6-trinitrobenzoyl)hydrazint starring 
material used for this example was obticd from 
Chtmtrunics, Inc., Swannanoa, NC. This material corb 
taind IO percent of a byproduct, methyl ttitrobenzo- 
ate, but a small scale test experiment indicated that this 
byproduct did not interfere with the preparation or 
purification of the 2JdipicryL 1,3,4 axadiuok. 

The large scale preparation of 2$dipicrjll-1,3,4- 
oxadiazalc was as follows: 125 g of the impure N,N’- 
bis(2,4,~trinitro~zoyl)~ydr~~e (corrtsponding to 
112.5 $ of pure mat&@ was stirred in one liter of dry 
1,2dichiorathanc in a 3-neck t-Iitcr round bottom 
flask (a mechanical stirrer was used). Phosphorus penta- 
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chloride (125 g) was added and the mixture was stirred 
at reflux temperature for 2.5 hours. After cooling to 
room temperature, the mixture was filtered to give 52.2 
g of crude 2,5-dipicryL1,3,4+xadiazole. NMR of the 
crude product shows only 2,5-dipicr$ I ,Lkxadiaeale 
with a very sxnall amount of ~,ru”-bis(:rinitrobenzol;l)- 
hydrazinc. 

The dichlarocthane filtrate was stirred while 300 ml 
of cold water w= added aU at once. A precipitate Ln- 
mediately foraxed and the temperature of the mixture 
began to slowly rise+ Whm the temperature reached 
65’-7U’ C., small amounts of ice were added to hold the 
mixture at this temperature. After a short time the tem- 
perature began to fall and when the mixture was near 
rmrn tcmperisure, it ~8s filtered to g&e 3OJ g of re- 
cover& bis(~4,~trinitroby~)hy~~e. Based on 
rcc~vered s&g mater& the yield of crude 2,5dipic- 
~14,3,40xrrbiazd~ ws 66%. The yield of purified 
product by crys&Uization frum acetone - methanol (as 
described in the stil scAt prcparafion of Example 2) 
was approximatt~y 60%. 

The cnrde 2,54picr94,3,44xadiaz0lc can Aso be 
purifkd by dissolving it in gamma-butyrolacrone (1 
gram per 5 ml of butyrolactone at 100’ C.), treating the 
solution with cbarcaal, fflterhg snd adding methanol to 
the frltra& to prtipitate the product. 

To thost skilltd in the art many modifications and 
~ariatims af the ptstat inventiion are pussible in light 
of tic above ka&ings. It is therefore to be understood 
that the present invention carr be praeticcd otherwise 
than as spccifrclllly dcseribcsd herd and still be within 
the spirit and scupc of tbt appended cfaizns. 

What is claimtd and desired to be secured by Letters 
Patent of the United Statts is: 

1, A process for preparing 2,5dipicryI- 1,3+ 
oxadiazolt comprising: 

(a) forming a ration mixtut of N,Wbis(2,4,6-trini- 
t&cnzoyl)hydrazint, phosphorus pcntachloride, 
and a chlorinated hydrocarbon s&cted from the 
group consisting of 1,2dichlorocthant, 1 , 1,l -tri- 
chlorocthaxlc, 1, I,2trichlomahant, t ,I ,2-trkhloro- 
ctbylene, md mixturw thereof: 

(b) hating the rcxtion II&IKC at a temperature of 
from 70’ C, to the reflex temperature of the chlori- 
nated hydrocarbon solvent until the N,N”-bis(2,4,6- 
trin&mbcnzoyl)hydrazine hs kn convened to 
2,5+iipictyl- I,3 ,kxadiazolt; and 

(c) Mating the product 2,5dipicryl- 1,3,4coxadiazole. 
2, T& process of cl& 1 wherein the chlorinated 

hydroc&on is 1,2dichloroerhant. 
3, The process of claim 1 wherein step (b) is per- 

formed at r&ax temperature for 2 or more hours. 
4. The process of ckkn 1 wherein the molar ratio of 

phosphorous pcntachloride to N,N’-bis(2,4,6-trini- 
trobcnzoyl)bydrazine is from 1.0: 1 .O to 3.0: 1 .O. 

5. The procss of claim 4 wherein the molar ratio of 
phosphorus pentachloride to N,N’-bis(2,4,6=trinitroben- 
zoyl)hydrazinc is from 2-W AI to 2.5: 1.0. 

6, The process of claim 1 wherein the reaction mix- 
ture is continuously agitated during step (b). 

l l L l l 
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